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SUMMARY 
Four models with longitudina l steps on the forebody 
ner e dev eloped by modification of a model of a conventional 
hull a nd were tested i n the N . A . C. A . tank . The same af-
terbody, of t h e usual V- section, was used with all the 
forebodies and the d epth of the transverse step at the 
kee l wa s the same in a l l cases . Two models had two lon-
gitud inal steps on each side , one with constant dead r is e 
and depth of step s, the other with varying dead rises be-
tween steps a nd different depths o f step s . The · other two 
models each had one lon g itudina l step and were derived 
from tne second of the two -s tep models by e l iminating 
first th e inboard and then the outboard step alternativel y . 
The models with l on g jtudinal steps were found to have 
s mal ler resistance at hi gh s p eed and g rea ter resistance at 
low speed than the p arent model that had the same after-
body but a conventiona l V- s e ction f orebody . The models 
with a sing l e lon g itudinal step had better performance at 
hump speed and as low high- s p eed resistan ce e xcept at very 
li ght loads . 
Spray strips at angles from 0 0 to 4 5 0 to the hori z on-
tal were fitted a t the l on g i t u dina l steps and at the chine 
on one of the two - step mode l s hav i ng tw o l ongitudinal 
steps . The resistance and t h e height of the spray were 
les s with each of the s p ray strips than wi thout ; the most 
favorabl e angle wa D found to lie betwe e n 1 5 0 and 3 0 0 • 
Spray strips of two differe~t width s (0 . 020 and 0 . 007 beam) 
were fitted and i t was found that the resistance was 
sli ght ly greater with the narrowe r strip . El iminatin g the 
spray strip on the outboard s t e p ~as found to decroase bu t 
lit t le the effectiveness of the co mb ination . In still an-
o ther pha se of the investigatjon the inboard- and outboar ~ 
step spray strips were s ho rtened without ad d in g a pp reciably 
to the resistance or the h ei ght of the bow wave. 
.1 
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INTRODUCTION 
Longitudinally fluted or stepped bottoms have been 
used on the hulls of seaplanes in this country and abroad 
to reduce the hi gh- speed resistance of the hull in the 
water and, in some cases, to reduce the height of the 
spray. Hulls of this type have discontinuities in the 
transverse sections, which may be produced either by sharp 
intersections of curved section lines, as in the case of 
the fluted bottom, or by vertical longitudinal steps in 
the bottom surface. Tank tests of hulls having fluted 
botto ms have been reported in references 1 and 2, The 
second type of h~ll, that having longitudinal step s, is 
considered in the pres e nt report. Both types, as used in 
practice, have at least one transverse step in addition to 
the longitud inal steps. 
Although models having longitudinal steps have bee~ 
tested and the results published (references 3 and 4), s6 
far as i s known no correlation of the resul t s with the 
tests of similar or parent models has been made. In the 
present investigation, the longitudinal-step models were 
derived from one parent model of conventional form, and 
the changes in performance due to lon gi tudinal steps of 
certain types were determin ed . Two important variables, 
the angle of dead rise and the depth of the transverse 
step, were necessarily somewha t affec ted by the modifica-
tions. It was believed that a comparison of the results, 
however , would show the general effects of converting a 
conv ent ional hull into one having lon gi tudinal steps. Fur-
ther investigations in the N.A.C.A. tank of the effects of 
lo ng i tud inal steps are co ntemplated, in which it is p ro-
posed to determine the individual forces on ~he forebody 
and afterbody measured simultaneously. Jhis type of test 
should permit a study of the effects on both the for ebody 
and the afterbody due to the long itudinal steps. 
Extensive tests have been ma de of models having spray 
strips installed on the chines (references 5 and 6) and it 
has been . sho wn that spray strips are ef.fective in redu:cing 
both the resistance and the spray. In the present series 
of tests, models with spray stri ps at each longitudinal 
step were tested to determine their effectiyeness. 
In the tests her8in described, the effects of elimi-
nating the spray strips on the outboard steps an~ of short-
ening the strips on both the inboard and the outboard steps 
- ------ -----------_ ._-- ----------~- ------<~---~~~-~) 
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were studied t o determ i ne, if pos s ible, the minimum number 
and length of s trips required to keep down the resistance 
on a model of this type. 
APPARATU S AND PR OCEDURE 
The N.A.C .A. tank and equipment used in these tests 
were essent iall y as described in reference 1 with the ex-
ception of a different type of towing gear, which has boen 
described in reference 7. For this series of tests the 
towing g ea r was laterally restrained b y ball-bearing roll-
ers running on vertical guide bars fixed to the carriage. 
Most of the mod els were tested by the general method, 
which consists of towing the model at several fixed ~rims 
using a number of constant loads over a r ange of speeds . 
The load on the water and the trim are made the independent 
test variab les fo r which simultaneous values of speed, re-
sistance , t ri mming moment, and draft are recorded. Suffi-
cient trims are tried to determine by cross p lots the best 
trim; that is, the trim giving minimum resistance for every 
load and speed used. 
DESCRIPTION OF MODELS 
The lines of mode l ll - C, the parent of the models used 
in the p resent investiga tion. a re shown in figure 1 . Con-
versions into lo ngitudina l- step mode l s we r e made by insert-
ing blocks in tho f or ebody. All Ghe variations ha d the 
same afterbody and the depth of the step at the ke el wa s 
kept constant. The following table gives the principa l 
data required for the identification of the difforcnt mod-
ols • 
I 
i 
r • 
.. 
.. 
Model jOffsetsjPhotograph lDrawing I Test data 
ll-C 
ll-E 
ll- E- l 
ll- E-2 
ll- E-3 
ll-E- 4 
ll-E-5 
ll-E- 6 
ll- E- 7 
11-F 
11-]'-1 
11- F- 2 
ll-F-3 
11-l.1 
ll-N 
Table 
I 
II 
~ -
III 
IV 
V 
Figure 
2(a) 
2(b) 
2(c) 
2(d) 
Figure 
1,3(a) 
3(b) 
3(c) 
3(d) 
3(e) 
Figure 
4 to 9 
10 to 15 
16 to 21 
22 to 27 
28 to 32 
33 to 37 
38 to 43 
44 to 49 
50 to 55 
56 to 61 
62 to 67 
68 
68 
69 to 74 
75 to 80 
J 
Description 
Parent. 
Varying dead rise l , two longitudinal steps2: 
no spray strips. 
I-
l l-E with three spray strips 0 .020 beam in width 
bent down 45° ; inboard and chine stri ps 1. 78 
beam, outboard 1. 49 beam in l ength . 
Same as l l-E-l except spray strips bent down 30°. 
Same as ll- E- l except spray strips bent down 15°. 
Same as ll-E-l except spray strips set at 0° . 
l l - E-2 with outboard- step spr ay st r ips r emoved. 
ll-E wi th three spray strips 0 .007 beam i n wi dth 
bent down 30° . 
l l-E- 6 with outboard- step spr ay strips r emoved . 
Constant dead rise l , two l ongitudinal steps2; no 
spray str i ps . 
Il-F with three spr ay strips 0 .020 beam i n width 
bent down 30° ; strip l ength same as fo r l l - E-l . 
I l-F-l with inboard strip shortened to 1 . 05 beam. 
Il-F with out board strip shortened t o 0 . 90 beam 
and inboard strip shortened to 0 . 61 beam . 
l l - E with inboard step eliminated . 
ll-E wi th outboard step eliminated . 
1 The dead rise of the individual planing bottoms separated by the longitudinal steps. (See fig~.) 
2Two longitudinal step s on each side of l ongitudinal center l ine of model. 
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RESULTS 
~~data .- In figures 4 to 80 resistance and trim-
ming moment are plotted against speed for each trim T 
with load as a parameter. The air drag of the model was 
included in the water resistance of the model. The center 
about which the moments were taken is shown in figure 1. 
Moments tending to raise the bow were considered positive. 
Trims were measured between the horizontal and the base 
line, which in this case was the deck line of the model. 
Nondimensi onal resu~.- The resistance at a given 
speed and load was pl otted against trim to determine the 
minimum. The minimum values of the resistance were then 
reduced to nondimensional form and are presented as curves 
of resistance coefficient against speed coefficient with 
load coofficiont as a parametor . The nondimonsional co-
efficients used are defined as followg; 
Load coefficientp = 
6, 
;~ 
Resistance coefficient, OR == 
Trimming-moment coefficient, 
v 
Speed coefficient, 
R 
wb 3 
OM = 
where 6, is the load on the wa t er , lb. 
R, resistance, lb. 
M, trimming moment, lb.-ft. 
V, speed, ft . /sec. 
M 
wb 4 
w, specific weight o f water, lb./cu. ft. (63 . 5 for 
the present test) . 
b , beam of hull, ft. 
g, acceleration of gravity, ft . /sec~ 
The trimming-moment coefficient and the draft-beam 
ratio at rest are plotted in figures 81 and 82. They are 
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useful in calculating l ongitudina l stability and in deter-
mining water lines of the hull for various static condi-
tions . 
DISCUSSION 
' Effect of Lon g itudinal Steps 
Resistance characteristics.- Longitudinal steps were 
found in genera l to increa se the hump resistance and to 
decrease the hi gh-speed resistance. The incr ease at the 
h ump may be attributed partly to the increased turbulence 
produced in the cross flow by the sharp discontinuities; 
the d~cr ease at high speed is due to the fact that the wa-
ter is thrown clear of the bottom at the longitudina l 
st eps and the resistance is lowered by thus decreasing the 
effective beam an d wettod surface. Wh en mak in g compari-
sons of the models, it should be remembered that two vari-
ables, the angle of dead rise and the depth of the trans-
verse step, are affected by variations of the longi tudinal 
steps . The curves of resistance coefficient at best trim 
against speed coefficient for models ll-C, ll - E, and Il-F 
are shown in figures 83, 84 , and 85; the load-resistance 
ratio at hump speed and at two hi g h speeds is shown in 
figure 86. Model ll-C , tho parent mode l, has smaller hump 
r esistance and g r eate r high-speed r esistance than either 
of the two-step models, which s how to the best advantage 
at high speeds and li ght loads. Model Il-E (varying angle 
of dead rise) has greater hump resistance a nd sma ller high-
speed resistance t ha n model Il-F (con stant angle of d8ad 
rise). Most of this change can pro bably be attributed to 
t h e greater depth of the inb oard step of II-E. 
A comparison of the resistance of mode l ll-~ and its 
derived forms, Il-M and Il-N, cal be made from figures 84, 
87, 88, and 89. The curves show that eliminating the out-
board step of Il-E (model Il-N) lo we rs the r e sistance at 
tho hump, probably by r educing the a mount of turbulence. 
Resistance at high sp eed is not chang e d much because the 
effective beam rema ins the same. Eliminating the inboard 
st ep (model Il-M) considerably lowers the hump resistance 
but increases the resistance at high speeds and li ght 
loads since the effective beam has been increased. 
It is concluded that ' single lon gitudinal -st~p hulls 
of the types tested are superi or to those having two steps 
I 
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inasmuch as, by the proper·' selection of the distance be-
tween the steps, the hump resistance can be reduced while 
the high-speed resistance remains relatively ~naffected. 
Trimming-moment and trim characteristics .- The effect 
on best trim 'produced QY converting the parent, 11-0, into 
th~ two-step variations, ll-E and Il-F, is shown in figure 
90 . Model 11-0 has, in gene ral, a greater best trim at 
all spe eds than the derived models, which may be partly ac-
counted for by its greater effective angle of dead rise. 
Model 11-0 also shows a lower maximum positive trimming mo-
ment at hump speed for best trim than Il-E and Il-F. 
Effect of Spray Strips 
Resistance characteristics.- A detailed comparison of 
the ef f ect of angle of s pray strip on resi stance; made from 
figures 91 to 94 (CR against Cv), shows that the resist-
ance changes slowly with a moderate change in the angle of 
spray strip. The load-resistance ratio, 6/R , plotted 
against the angle of the spray strip in figure 95 for three 
typical values of the speed coefficient wa~ developed from 
these figures. At hump sp~ed there is very little differ-
ence in 6/R with change in angle of spray strip . At 
higher speeds the optimum angle apparently lies between 15 0 
and 300 ; the angle increases with load. 
A comparison of the resistance coefficients at the 
same load and speed by means of the CR against Cv 
curves of models ll-E-2 and ll-E-6 (figs. 92 and 97) shows 
that the resistance is not very sensitive to changes in 
width of spray strip. The c h an g e was purposely mado groat 
(0.020b to 0 . 007b) with t h~ intention of testing inter-
mediate widths if the results ~howed consi derable differ-
ence. Mode l ll-E-2 has slightly lower resistance at speeds 
between the hump and moderately high speeds; at other 
speeds the resistances are pra~ tically the same . All the 
models fitted with spray s tr ips show improvement over the 
model without spray strips. A comparison of the resistance 
curves of models ll-E-2 and ll-E-5 (figs . 92 and 96) shows 
that removing the spray str ip fr om the outboard step does 
not g reatly affect the res istance . A comparison of figures 
97 and ~8 gives similar results for the narrower spray 
strips (0.0 07 b wide) . The curves show that model ll- E-7 
with two spra.y strips has almost as lo w -resistance as 
ll-E-6 with three spray stri ps . Most of th e loss in per-
formance caused by removin g one spray strip occurs at Cv = 4 . 5 to 6 .0 and for Cf':" = 0.15' to 0.25. 
8 N .A.C . A . Technical Note No. 574 
In order to extend the investigation of the effects 
of spray strips to models having longitudinal steps of 
somewhat different f orm, tests were made of model ll-F 
fitted with three spray st rips O.OZOb wido set at 300 
( mod 0 1 11- F - 1) • The res u 1 t s ( fig . 9 9 ) i n die ate t ha t t he 
addition of spray stri ps to ll-F gave improvement of the 
same order as that found for ll-E . 
Additional tes ts were made of model ll-F equipped 
with three spray strips to determine whether the lengths 
of the strips could be reduced without seriously affect-
ing the resistance characteristics. The curves of ab-
breviated test data for models ll-F-l, ll-F-Z, and ll-F-3 
(fig. 68) show that shortening the spray strip on the in-
board step to approximately two-thirds beam length ahead 
of the step and shortening the strip on the outboard step 
to a trifle under beam lengt h would not greatly raise the 
resistance. It wa s believed that tho strips could not be 
further shortened without sacrificing performance inas-
much as the reduced lengths used in these tests were in 
the water at moderate spee d s above the hump. The chine 
strip was not shortened because it was needed to reduce 
the height of the bow wave at low speeds. 
Tri~ing-mQ..ill!ill.t ch~~eristics , - The p lots of trim-
ming moment i n the curves of or igina l data (figs. 34 to 
55) show that the addition of spray strips reduces some-
what the maximum positive trimming moments at hump speed. 
This result bears out the results of reference 4. 
Spray Characteristics 
Photographs showing t he spray patterns at lo w speeds 
of the models as affected by longi tudinal steps and by 
s p ray strips are shown in figure 100 . Observations during 
the tests showed that a model having longitudinal step s 
had more turbulence in the bow- wav o formation than the 
parent model but a sli ghtly reduced height of the wave. 
Tho singlo-long itudinal-st op models showed less turbulence 
than those having two longitudinal steps . Adding three 
full-length spray strips to a two-longitudinal -step model 
(see fig . 100(c)) reduced the height of the wave but in-
creased the turbulence. 
Typical high-sp eed spray formation is shown in fig-
ure 1 0 1. The addition of spray strips 0 .007b wide to mod-
el ll-F reduced the height of the spray (see fig . 101(c)); 
the wider spray strips (O.OZOb) had a slightly more pro-
nounced effect. Shortening the length of the spray strips 
\ 
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on the inboard and Qutboard step of model ll-F, as in mod-
el Il-F-3, produced but little increase in the height of 
the spray. 
CONCLUSIONS 
, The following conclusions pertain to hulls having 
long itudinal steps spaced one-third and two-thirds of the 
half beam from the keel: 
1. In general, the conversion ofa V-t yp e forebody to 
one having longitudinal steps increases the hump resist-
ance and decreases the hi gh-speed resistance of the hull. 
2. Reducing the number of longitudinal steps o n each 
side from two to one decreases the hump resistance but 
adds somewhat to the high-speed resistance . 
3. The resistance of a sing le-longitudinal-step mode l 
having the stop at one-third tho half beam is generally 
loss than that of a mode l having the step at two-thirds 
the half beam, except for heavy loads at the hump. 
4 . Spray strips reduce the height of the spray at 
practically all speeds. Resist~nce is reduced at both 
hump and high speeds, particularly for heavy loads. 
5. The optimum ang le of the spray strip is between 
15 0 and 30 0 • Th8 resi stance ' c hange s but l itt le with mod-
erate change in angle. 
6 . The resistance is only sli ght ly increased with a 
decrease in the width of spray strip . 
7. The spray strips on the outboard steps of a two-
longitudinal-step model e quipped wi th three full-length 
strips may be removed wit2Qut sacrificing performance ex-
cept at medium speeds. 
8. The spray strips on th e inboard step s of a two-
step model may be shortened to about two-thirds beam 
length and the strips on the outboard steps to about one 
beam length without approciabl y incro~sing the resistance . 
Langley Memorial Aeronauti ca l Laboratory, 
Nati ona l Advisory Co~mittee for Aeronautic s, 
Langley Field, Va . , May 13, 1 936 . 
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Dis-
Sta- tance Keel 
tion from 
F.P. 
F.P. 0.0 4. 00 
1/2 2.4 9.17 
1 4.8 10.85 
1-1/2 7.2 11.87 
2 9.6 12 .52 
3 14.4 13.21 
4 19.2 13.47 
5 24.0 1\13.58 
6 28.8 13.66 
7 33 . 6 13.75 
3 38.4 13.83 
9 43 .2 13.92 
10,F. 48.0 V14.00 
10,A. 48.0 1\13.44 
11 52.8 12.97 
12 57. 6 12.51 
13 62.4 12.04 
14 67.2 11.58 
15 72.0 11.11 
S;P. 76 . 0 10 . 74 7.24 
16 76.8 7.04 
17 81.6 5 .91 
18 86.4 4.77 
19 91.2 3.64 
20 96.0 IV 2.50 
TABLE I 
Offsets for N.A.C .A. Model No. ll-C Flying-Boat Hull (Inches) 
Distance from base line Half breadths 
B1 B2 B3 B4 B5 Main Cove Upper Main Cove Upper 2 WL1 WL2 WL3 WL4 
11.50 3 .00 4.50 6.00 7.50 chi ne chine chine chine 12.50 11.00 9.50 8.00 
4. 00 0.15 
5.90 5.29 2.07 0.52 
8.20 6.64 6.34 3.53 0.73 1.64 
9.72 8 .12 7.24 7.18 4.67 0.64 1.67 3 .15 
10.76 9.27 8.27 7.87 5.59 0.16 1.30 2.74 5.13 
12.01 10.83 9.83 9.13 8.89 6.90 .93 2.76 5.10 
12.62 11.72 10.91 10.18 9.62 9.56 7.'71 
12.94 12.23 11 . 53 10.85 10.22 9.97 8.17 
<_Elements of stations -;) 
Straight lines fr om here aft 10.19 8.40 
I I I I 10.30 8.49 10.38 8.50 
2Di stance from base IDistance from center 10.47 8.50 
line (plane of sym- 10.55 8.50 line to water line 
metry ) to buttock 9 . 98 8.50 ~section of hull 
(section of hull 9 .51 8.50 surface made by a 
surface made by a 9.22 8.29 8.16 8.10 8.10 8.40 horizontal plane 
vertical plane par- 9.22 7.63 7.15 6.97 6.97 8.11 parallel to base 
allel to plane of 9.54 7.27 6.23 5 . 07 5.07 7.58 line) 
symmetry) 10.10 7.17 5.44 2.59 2.59 6.77 
10.72 7.22 .20 .20 
4.71 5.78 
4.06 4.61 
3.46 3.31 
2.91 1.90 
2.39 .40 
WL5 Sta-
6.50 tion 
F . P. 
1.16 1/2 
3 .22 1 
1-1/ 
2 
3 
4 
5 
6 
7 
8 
9 
10,F 
10,A 
11 
12 
13 
14 
15 
S.P. 
16 
17 
18 
19 
20 
2 
!z! 
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~ 
8 
(1) 
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o 
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z 
o 
c~ 
(1) 
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TABLE II 
Offsets f or For ebody of N. A. O.A. Model ll-E Flyi ng-Boat Hull ( Inc hes) 
Dis- Di s t ance from bas e line Half-breadths 
Sta- tance Keel Inboard Out board .Ma in Bl B2 B3 B4 B5 I n- Out - Main WLl WL2 
tion from s tep s tep chine 1.50 3.00 4.50 6.00 7.50 board b oard chine 12 .50 11.00 
F . P. Lower 'Upper Lower Upper s tep step 
F.P. 0.00 4.00 4.00 0.15 
1/ 2 2 . 40 9.17 5.29 5.90 2 .07 
1 4 . 80 10.85 6.34 8.20 6.64 3.53 
1-1/2 7.20 11. 87 7.18 9.72 8 . 12 7.24 4.67 0.64 
2 9 .60 12.52 7.87 10.76 9 . 27 8 . 27 5. 59 0 .16 1.30 
3 14.40 13.21 11.35 11.35 9 . 77 9.77 8.89 12. 01 10.83 9 . 83 9 .13 2.30 4 .60 6.90 .93 2.76 
4 19.20 13.47 12.20 11.89 10 . 53 10 . 48 9.56 12. 74 11.66 10. 85 10 .11 9.60 2 . 57 5.14 7 . 71 1.96 4.21 
5 24.00 13 . 58 12. 76 12.23 11.11 10.95 9.97 12.11 11 .47 10.73 10. 18 2. 72 5 .45 8.17 
6 28.80 13.66 13.13 12.46 11.52 11.25 10.19 12 . 39 11.87 11.09 10 . 51 2 .80 5.60 8.40 6.23 
7 33 .60 13.7_Q-< 13.36 12.62 11.79 11.44 10.30 11.29 10 .69 2 . 82 5.65 8 .48 6 .72 
8 38. 40 13 .83 13.49 12 .7~ 11.94 11.55 10 .38 2 .83 5. 66 8.50 
9 43. 20 13.924 13.57 12.81 12.05 11.64 10.47 2.83 5.66 8.50 
10,F . 48 .00 14.0Q413.65 12 .89- 12.14 11.72 10 . 55 2.83 5.66 8.50 
TABLE III 
Offsets for Forebody of ~.A.O . A. Model 11-F Flying-Boat Hull (Inches) 
F.P. 0 .00 4 .00 4. 00 0.15 
1/ 2 2.40 9.17 5 .29 5 .90 2. 07 
1 4.80 10.85 6.34 8.20 6.64 3.53 
1-1/ 2 7 . 20 11.87 7.18 9.72 8.12 7.24 4.67 0 .64 
2 9 .60 12 . 52 7 .87 10 . 76 9.27 8.27 5.59 0.16 1.30 
3 14.40 13.21 11.35 11.35 9.77 9.77 8.89 12.01 10.83 9 . 83 9.13 2 .30 4.60 6.90 .93 2.76 
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Model 11-0 
Parent mode l. No spr ay s t rips Model 11-E Two longitudinal steps, varying dead rise. No spray strips 
(a) Load, 100 lb., speed, 15.0 f.p.s., T= 9° (b) load, 100 lb., speed, 15 .• 5 f.p.B., T- 90 
Model ll-E- 4 Model 11-)( 
ll-E with three full-len~th spray strips O.OaOb wide set at 00 ll- E with inboard step filled in. No spray strips. 
(0) load, 100 lb . , speed, 14.9 f.p.s., r- 9° (d) Load, 100 lb., speed, 15.4 f.p.s . , r- 90 
Figure 100.- Phot ographs of bow wave of various modele. 
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Model 11-F-l 
11-F with spray strips 
set at 30° 
(c) Stern, load 40 lb., speed 
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Figure 101.- Photogl'aphs showing effect of spr~ strips 
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ll-F-l with inboard strip 
shortened to 0.61 b and outboard 
strip shortened to 0.90 b. 
(e) Stern, load 40 lb., speed 
34.5 f.p.s •• T = 50 
4'1111 
(f) Bow, load 40 lb., speed 
34.5 f.p.s., 'T'=5° 
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